Bloodstains are a widespread kind of biological evidences at the crime scene and one of the most used 15 reagents for the presumptive identification of blood for forensic purposes is tetramethyl-benzidine. 16
over a plethora of substrates was reliably proved. In addition, possible positive interferences of the 23 test chemicals on the subsequent Short Tandem Repeats (STRs) DNA typing analyses, especially in 24
Low-Template DNA (LT DNA) conditions, was evaluated. 25
While the Combur 3 Test ® E showed the same chemical interference drawbacks as other presumptive 26
tests for blood, we demonstrated that its format and our suggested protocol of use make it appropriate 27 for the forensic presumptive detection of blood, better performing and much easier to use than other 28 analogous presumptive tests and usually compatible with the following STRs DNA typing analyses. 29
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Introduction 35 36
Bloodstains are commonly found at the scenes of crimes involving violence, and they are potentially 37 highly informative since they may provide investigators with information concerning the donor's DNA 38 profile and also the blood deposition dynamic at the crime scene through bloodstain pattern analysis 39 (BPA). Typically, chemical presumptive tests for the presence of blood are used in locating spots and 40 stains that might not be obvious to the naked eye. 41 other more confirmatory tests could not be applicable, such as when blood evidence is present in trace 48 amounts and/or is highly compromised due to degradation. 49
One of the most routinely used category of presumptive tests for blood screening is that based on the 51 3,3',5,5'-tetramethylbenzidine (TMB) colorimetric change in the presence of blood and of an oxidant 52 (usually a peroxide) due to the peroxidase-like activity of the oxidized hem prosthetic group, named 53 hematin (containing Fe 3+ ), in the hemoglobin moiety found within red blood cells [3, 5, 6] . 54
55
The Combur 3 Test ® E (Roche Diagnostics Corporation, Basel, Switzerland) is a routinely used 56 diagnostic test for semiquantitative determination of hematuria and of other parameters [7] . The 57 plastic strip possesses a reagent-treated filtered paper tab at one end that contains TMB, 58 dimetyldihydroperoxiesane, buffering materials and non-reactants which turns from yellow to intense 59 dark blue-green when blood come into contact with the reactive tab (Fig. 1) . presumptively detect blood and the architecture of the tab; also the colors scale (from yellow-pale 65 greenish to intense blue-green) printed on the vial label to interpret results of the test is reported. 66
67
In this paper we report an evaluation of the Combur 3 Test ® E for forensic bloodstains detection, based 68
Pag. 5-25 blood sample 10 µl were deposed on an inert surface (glass) and allowed to dry prior to testing. 145 146
Body fluid samples 147
To evaluate the biological fluid-specificity of Combur 3 Test ® E human saliva, urine, semen, feces (10 g) 148 taken from healthy volunteers and put into 2 mL tubes and bird feces taken were tested. Aliquots of 10 149 l of saliva, urine, semen and 100 mg of feces dissolved in an isovolume of distilled water were 150 deposed on an inert surface (glass), allowed to dry and put into contact with the moistened reactive 151 tab of the strip of Combur 3 Test ® E. 152 153
Interfering Substances 154
Several compounds, known to be potential interfering for the detection and the individualization of 155 blood by the catalytic tests [4, 5, 6], were chosen and classified according to the potential positive or 156 negative interference and on the putative interference mechanism (Table 1) and tested. 157
Based on the potential positive or negative interfering effects of a wide category of heterogeneous 158 substances different preparation and testing procedures were accomplished as described below and in Table 1 .The preparation of the substances was carried out in order to simulate the presence of such 160 substances at the crime scene based on reference [16] . 161
Positive interference evaluation 163
To assess the potential positive interfering effect of several compounds (described in 
Negative interference evaluation 176
To assess the potential negative interfering effect of several compounds (described in Table 1) 
Thermal inhibition test 185
To investigate the impact of the peroxidase enzymes over the catalysis in the redox reaction of the 186 Combur 3 Test ® E, a thermal inactivation of such enzymes was carried out by boiling several positive 187 interfering substances for different times. Particularly 13 different positive interference vegetable 188 derivatives (listed in Table 1 ) were put into 1.5 ml vials and immersed in boiling water at 100 °C for 5, 189 10, 15 and 20 minutes. Also 3 blood samples were tested to verify that heating does not or slightly 190 affect the peroxidase-like activity of the of the oxidized hem prosthetic group. At each time 10 l of 191 each boiled substance were spotted on paper, let dry and put into contact with the reactive zone of the 192 strip of the Combur 3 Test ® E. Additionally 10 l of each unboiled substance were tested and compared 193 with the corresponding boiled substance. Pag. 9-25
Simulated forensic exhibits 199
To simulate a real situation in which bloodstains were identified by the Combur 3 Test ® E, 10 µl of 200 human blood (sample 4) diluted to dilution factors 10 -3 , 10 -4 , 10 -5 , were deposed on different materials 201 typically found at crime scene and let dry. In particular, the following sample types were used: two 202 types of absorbent cotton materials, a kitchen knife, a screwdriver, a billhook, a rusty nail and two 203 stoppers sink (a steel stopper sink and a brass stopper sink). 
DNA Typing of human blood spots 214
Aliquots of 10 µl of human blood samples, undiluted and diluted as previously described, were put into 215 contact with Combur 3 Test ® E reagents and were processed as described below. Depending of the type 216 of the surface of deposition of the stains, two different protocols, schematized in Fig. 2 , were followed 217 to evaluate the potential interfering effects of the Combur 3 Test ® E over the DNA typing procedures: 218  bloodstains spotted on absorbent materials (including all of the dried caseworks samples) were 219 entirely cut (usually about 5-6 mm 2 of substrate) and put into a 1.5 ml vial along with the tab of 220 the Combur 3 Test ® E reactive strip containing the chemicals; DNA was extracted from the blood 221 sample, quantified and STRs genotyped; 222  bloodstains spotted on non-absorbent surfaces were tested with Combur 3 Test ® E and the reactive 223 tab of the test was used as swab to collect the entire blood sample (10 µl); DNA was extracted from 224 the reactive tab used as swab to collect blood quantified and STRs genotyped. 
DNA Typing of simulated and real bloodstain forensic evidences 240
To simulate the operational protocol involving the actual use of the Combur 3 Test ® E and the following 241 DNA typing simulated bloodstains evidences and real bloodstain evidences previously described were 242 tested accordingly to the protocol previously suggested; depending on typology of the surface the 243 bloodstain was recovered as much completely as possible by a swab (in case of non-absorbent 244 surfaces) or portions of about 6 mm 2 were cut from the surface (in case of absorbent surfaces). Blood 245 samples were DNA extracted and STRs genotyped. Each stain was processed three times. Bloodstains 246 without Combur 3 Test ® E treatment were used as control samples.
DNA extraction, quantification and STRs genotyping 249
DNA was extracted by the BioRobot EZ1 ® Advanced XL Workstation following the bloodstains EZ1 ® 250 DNA Investigator Card protocol (Qiagen, Hilden, Germany), based on a silica covered magnetic particle 251 
Results and Discussion 301 302

Detection of blood 303
The ability of the Combur 3 Test ® E to detect blood was evaluated by depositing 10 µl of fresh human 304 blood samples at several dilutions on both absorbent and non-absorbent surfaces followed by testing 305 (further details are reported in Table A1 ). The test was consistently able to detect blood to dilutions 306 down to 10 -4 for all surfaces. Blood deposited on non-absorbent surfaces (sheet metal painted and 307 glass) at a dilution of 10 -5 gave a still recognizable positive result indicating that blood samples 308 containing at least 0.10-0.15 g/mL of human hemoglobin can be still reliably detected by the 309
Positive and negative results were always correctly and reliably identified; moreover positive results 312 could be also approximately distinguished, based on the intensity and the kinetics of the color change, 313 in strong positive (intense dark blue-green color appeared almost immediately), which was observed 314 for more concentrated bloodstains (dilution < 10 -2 ), moderately positive (greenish color appeared 315 usually within 10 seconds) which was observed for more diluted bloodstains (10 -2 < dilution ≤ 10 -3 ) 316
and weak positive results (pale greenish to yellow color appeared usually within 20 seconds) which 317 was observed for extremely diluted bloodstains (dilution > 10 -3 ). This provides some semiquantitative
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indications of the quantity of blood present, although this would need to be very carefully interpreted 319 when used operationally. 320
321
On the basis of these results the lower boundary of its ability to provide reliable detection of human 322 blood is at least 0.10 g/mL of human hemoglobin (blood diluted about 2.5 x 10 5 times). This is a 323 detection threshold slightly below that reported for the commercially available Hemastix ® test and, 324 more generally, for the traditional protocol of TMB-based presumptive tests for blood [3, 4, 5] . 325
326
Since blood samples diluted more than 10 3 times are practically invisible or poorly visible to the naked 327 eye, especially when shed over dark surfaces, the high sensitivity of the test allows its use also to 328 presumptively test the presence of latent questioned blood, in addition to the luminol test (which is 329 not interfering with TMB-based tests) [6, 23] or in its substitution when the stain is scant and has to be 330 preserved as much as possible. 331 332
Specificity 333
All non-human blood samples showed a strong positive result confirming that the test is not selective 334 for human blood. All of the samples of bird feces resulted moderately positive when tested with the 335 Combur 3 Test ® E; such results were probably provoked by the presence of minute occult blood traces. 336
All the human biological fluids tested (saliva, urine and semen) gave negative results when tested with 337 the Combur 3 Test ® E, with the exception of two samples each from two different individuals, in one 338 case saliva and in the other urine, which showed a weak positive result most likely due to the presence 339 of an unnoticeable quantity of blood. Similarly to bird feces, and most probably due to the presence of 340 minute occult blood traces, the majority of samples of human feces (about 80%) from healthy donors 341 resulted moderately positive when tested with the Combur 3 Test ® E. 342 343
Interfering substances and thermal inhibition test 344
To examine the effect of potential interferences on the performance Combur 3 Test ® E a range of 345 substances that may be present at crime scenes and could cause potential interference with the 346 Combur3 Test ® E were investigated. The potential interferents were divided into two categories; those 347 likely to give a positive interference (Table 2 ) and those likely to cause a negative interference ( Table  348 3). 349
350
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Notes: 392
See Table 2 notes for results interpretation. 393
394
It should be noticed that, especially with oxidizing species (particularly bleaching), the colorimetric 395 reaction of the test was quite different from that observed in presence of blood concerning the colour 396 intensity and/or time of color appearance: such compounds mimicking blood with the test and 397 providing positive results either quenched the blue-green color intensity or altered (slowing down or 398 speeding up) the colour development, or both. 399
400
Substances that may give a negative interference, either due to their antioxidant activity or some other 401 complex reaction with the test reagents, were examined for their effect on the successful detection of 402 blood at a series of dilutions. The results, summarized in Table 3 , hinted that all of the compounds 403 showed some effect, however it did not prevent detection of blood down to blood dilutions of 10 -4 with 404 the exception of a slight effect from ascorbic acid (pure and contained in Aspirin ® C) which providedPag. 18-25 with a significant reduction in the test signal till to a dilution of 10 -3 . Interference effects evaluation 406 and thermal inactivation assays ( Table 4 ) confirmed also that hematin molecule and its peroxidase-407 like activity are chemically stable, also when mixed with detergents. These data were supported by the 408 thermal inactivation tests conducted on blood samples. Such samples, even in denaturing conditions, 409 always gave positive results with the test, suggesting that the hematin molecule is thermally stable and 410 confirming that it is the catalytic species in the redox reaction underlying the test. 411 412
Robustness 413
The robustness of the Combur 3 Test ® E was evaluated by testing human blood samples that had been 414 aged, heated or had been subjected to the addition of chemicals. No significant effect was observed on 415 the successful performance of the test concerning the temperature effects and the age of the samples. 416
Bloodstains mixed with detergents and oxidizing compounds described in Table 3 Table A2 . 434
435
Concerning the ease of forensic use of the tests, the Hemastix ® test and the Combur 3 Test ® E were the 436 most user-friendly compared to the phenolphthalein test and the leucomalachite-green test, both in 437 term of time necessary to accomplish them (almost immediately) and in term of complexity of the 438 execution procedure since only two steps (hydration of the tests and contact with the questioned 439 sample) were needed to accomplish the tests. On the contrary, especially due to operational procedurePag. 21-25 works conducted by first generation multiplex PCR had demonstrated a much higher impact of the test 512 chemicals on DNA typing (even at minor dilution factors). 513 Therefore the Combur 3 Test ® E chemical components may, in theory, negatively prevent DNA typing 514 procedures but, in operational terms, such negative interference may have significant negative pitfalls 515 on bloodstains only if two conditions are contemporarily met: when blood is (1) considerably 516 embedded with the chemical compounds (including TMB), which is an quite unrealistic occurrence, 517 and (2) when it is diluted ≥ 10 3 times, which is a typical LT DNA condition. 518
In usual forensic caseworks, and even in LT DNA situations, at the crime scene and in the laboratory, 519 the proper use of the Combur 3 Test ® E by both the direct and the indirect protocols with bloodstains 520 diluted to or more than 10 3 folds does not practically impair the last generation DNA typing 521
procedures. Anyway, a special awareness should be used with LT DNA situations where even the 522 presence of minute amount of chemical may compromise the ability to achieve useful DNA profiles. 523
When it is deemed to be dealing with such special situations a reduction in time and/or surface of 524 contact between the test reactive tab and the stain or an indirect testing approach with Combur 3 Test ® 525 
